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The recent discovered antiferromagnetic topological insulators in Mn-Bi-Te 
family with intrinsic magnetic ordering have rapidly drawn broad interest since its 
cleaved surface state is believed to be gapped, hosting the unprecedented axion states 
with half-integer quantum Hall effect. Here, however, we show unambiguously by 
using high-resolution angle-resolved photoemission spectroscopy that a gapless 
Dirac cone at the (0001) surface of MnBi2Te4 exists between the bulk band gap. Such 
unexpected surface state remains unchanged across the bulk Néel temperature, and 
is even robust against severe surface degradation, indicating additional topological 
protection. Through symmetry analysis and ab-initio calculations we consider 
different types of surface reconstruction of the magnetic moments as possible origins 
giving rise to such linear dispersion. Our results reveal that the intrinsic magnetic 
topological insulator hosts a rich platform to realize various topological phases such 
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as topological crystalline insulator and time-reversal-preserved topological insulator, 
by tuning the magnetic configurations. 
Introduction – The realization of magnetic topological insulators (MTIs) and 
topological semimetals with ordered magnetic moments [1] brings about a series of exotic 
quantum phases such as Weyl semimetal [2,3], axion insulator [4] and Chern insulator 
[5], promising further developments in the fields of spintronics and quantum computing. 
In Chern insulators, when the Fermi level is tuned into the bulk gap, the absence of time-
reversal symmetry (𝒯) allows for only one helical channel of non-dissipating, nonlocal 
quantum transport, yielding a quantized Hall conductivity of e2/h without an external field 
[6]. Considered to be a promising platform for emergent phenomena such as Majorana 
fermion and future spintronic devices, such quantum anomalous Hall effect (QAHE) [7-
10] is one of the most important outcomes of MTIs. QAHE was first experimentally 
discovered in a magnetically doped topological insulator (TI) at an ultralow temperature 
of 30 mK [7], below which the disordered magnetic dopants form ferromagnetic (FM) 
alignment. Proposals of heterostructure engineering based on magnetic insulators and TIs 
are expected to realize the QAHE through magnetic proximity effects with a higher 
temperature [11], but are challenging in the material choice and interface fabrication. 
Hence, a stoichiometric MTI with intrinsic long-range magnetic order is naturally an ideal 
candidate to realize high-temperature QAHE. 
Discovered very recently, two members of the MnBi2nTe3n+1 (n = 1, 2, …) family [12], 
MnBi2Te4 [13-27] and MnBi4Te7 [28, 29], are by far the only firmly-established 
stoichiometric MTIs. More importantly, quantized anomalous Hall plateaus had been 
discovered in few-layer MnBi2Te4 films at a record-high temperature of 4.5 K, albeit 
requiring a high field (~ 10 Tesla) to force the AFM ground state into a FM one [26, 27], 
while certain thin films taken from MnBi4Te7 is predicted to realize QAHE at a much 
lower magnetic field [30]. One basic magnetic building block of MnBi2Te4 consists of 
one layer of MnTe sandwiched by one layer of Bi2Te3 [12-14, 16], forming a septuple 
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layer (SL) [Fig. 1(a)]. In bulk MnBi2Te4 the stacking between these structural units is 
governed by interlayer van der Waals interaction. Their magnetic moments are 
theoretically predicted [20, 21], and then confirmed by neutron diffraction experiments 
[22], to be ferromagnetically ordered within a Mn plane pointing along the out-of-plane 
z-direction but antiferromagnetically aligned between adjacent Mn sublayers [Fig. 1(a)]. 
The magnetic transition between this A-type antiferromagnetic (AFM) ground state and 
the paramagnetic (PM) state is found at TN  ~ 25 K [13, 14, 16, 18, 19]. Interestingly, the 
A-type AFM ground state supports a novel Z2 topological invariant protected not by 𝒯 as 
in conventional TIs like Bi2Te3, but by the product of 𝒯  and a half-biseptuple-layer 
translation along the c axis 𝜏1/2
𝑐 , named 𝒮𝑐 = 𝒯𝜏1/2
𝑐  [31]. At the (0001) surface of 
MnBi2Te4, 𝒮𝑐 is broken, rendering the opening of a sizable magnetic gap. The existence 
of such an energy gap, asserted 50 meV or more by all available angle-resolved 
photoemission (ARPES) studies in the literature thus far [13, 14, 16-18], is crucial to 
realize the exotic axion state with half quantized Hall conductance at the surface, i.e., the 
topological magnetoelectric effect [32].  
In this Letter, however, we use high-resolution synchrotron-based and laser ARPES 
to show unambiguously that there exist an X-shaped, gapless, linear Dirac cone in the 
surface state, traversing the bulk band gap of MnBi2Te4. This surface state is intrinsic to 
the MnBi2Te4 crystals, reproducible in all samples we measured, free of kz dispersion, 
unchanged across the bulk magnetic ordering temperature, and is even robust against 
severe surface degradation. The gapped bands near the Dirac point, on the other hand, are 
proven to be bulk electronic states with clear kz dispersion. By performing symmetry 
analysis and density functional theory (DFT) calculations, we attribute the origin of the 
observed gapless Dirac cone to surface-mediated reconstruction of magnetic moments 
that differ from the bulk, with several proposed occasions including intralayer AFM, 
intralayer FM with in-plane moment, and spin disorder. Our discovery of this unexpected 
electronic structure not only implies the complexity of the real space transition of spin 
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orientations from the bulk state to the surface, but also reveals the flexibility to realize 
different topological phases by tuning the magnetic structures. 
Crystal and magnetic properties of bulk MnBi2Te4 – We begin our discussion by 
presenting the physical properties measured on the MnBi2Te4 samples used in our ARPES 
measurements. It is important to point out that our samples were grown by two different 
research groups (UCLA and SUSTech) using slightly different growth procedures, yet the 
transport, magnetic, and ARPES measurements reveal quantitatively the same results, 
each on multiple samples, signifying the reliability and repeatability of our data. Fig. 1(b) 
presents the single crystal x-ray diffraction data, as well as the appearance of the crystals, 
which agree quantitatively with those in the literature. No signal from other crystalline 
phases is seen. This proves that our photoemission data does not come from impurity 
phases.  
In Figs. 1(c)-(e) we present the magnetic measurement results, demonstrating that 
MnBi2Te4 has an AFM ground state and a rich magnetic phase diagram. Fig. 1(c) shows 
the magnetization versus temperature curves for two different configurations, H || ab and 
H || c. An AFM-PM transition is found at TN = 24.4 K, consistent with data from other 
groups. Fig. 1(d) illustrates the isothermal magnetizations of MnBi2Te4 as a function of 
applied field along the c axis ranging from 2 to 30 K. All the magnetization curves for T 
< TN show an abrupt change around the field between 2 T and 3.6 T. This suggests the 
occurrence of a spin-flop type transition, below which the spin direction of Mn ions turn 
perpendicular to the easy axis (c axis). Finally, the magnetization approaches to saturation 
around M = 3.8 µB/Mn at 2 K above 8 T, well consistent with previous results [22, 28, 
33]. The field-temperature phase diagram of MnBi2Te4 is depicted in Fig. 1(e). Below TN, 
the critical field of spin-flop transition Bc1 divides the phase diagram into two regions. At 
region I [Fig. 1(f)], MnBi2Te4 shows an A-type AFM order consisting of FM layers 
coupled antiferromagnetically along the c axis [22]. Above Bc1 [Fig. 1(f), region II], the 
moments turn perpendicular to the c axis due to the lower ground energy. A further 
 5 
increase of field rotates the spins continuously, until the critical field Bc2 is reached, where 
all the moments are polarized along the applied field [Fig. 1(f), region III]. 
 Robust surface Dirac cone by ARPES measurements – We show in Fig. 2 the 
electronic structure of MnBi2Te4 obtained by high resolution ARPES experiments. Fig. 
2(a) illustrates a typical ARPES k-E cut through the surface zone center Γ̅ we obtained 
with high resolution laser ARPES (h = 6.3 eV) [34]. Even at the first glance, one notices 
that there exists undoubtedly a gapless state between the electronlike and holelike 
conduction and valence bands, whose dispersion is even more linear than conventional 
TIs like Bi2Se3 and Bi2Te3. The two branches of this state intersect at Γ̅ at a binding energy 
of 0.290 eV, forming a prototypical Dirac cone at Γ̅ without any trace of gap. This band 
is one of the sharpest electronic states ever seen in topological materials, with a full-width 
half-maximum (FWHM) of 0.010 Å-1 (detailed in [35]). The main purpose of the present 
Letter is to study the spectroscopic properties of this state, and to propose, based on 
reasonable symmetry arguments and DFT calculations, the origin of this state. 
Having established the existence of the gapless Dirac state, an important question is 
whether this gapless band remains unchanged for all kzs in the Brillouin zone (i.e., it is a 
2D state), or it gradually opens a gap as kz varies (i.e., it is a 3D state). We prove that this 
state is in fact a quasi-2D state with little kz dispersion by performing a detailed photon 
energy dependent ARPES map from 6 to 20 eV, corresponding to 3.7 < kz < 5.8 (in unit 
of 2/c), covering more than two Brillouin zones in the kz direction [Fig. 2(b)]. Note that 
the lattice constant c here represents the height of a single SL of MnBi2Te4 (c = 1.37 nm), 
which is about 1/3 the height of the conventional unit cell. For all kz values within this 
range where the Dirac state is resolvable, we see negligible change in the (k, E) position 
of the Dirac band [35]. Therefore, the Dirac state behave as a quasi-2D, surfacelike 
electronic state. On the other hand, the bands that form a gap at Γ̅, especially the one 
below the Dirac band, shows clear periodic dispersion along kz [Fig. 2(b)]. As a result, the 
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size of the Γ̅ gap varies between 0.13 eV at the bulk , and 0.20 eV at Z [Figs. 2(c)-(e)]. 
In light of this behavior, we assign this gapped band to be a bulklike electronic state. 
Next we study whether this Dirac state remains across the magnetic transition 
temperature, and whether it is robust against considerable surface perturbation. Fig. 3 
gives positive answers to both questions. When an as-grown, pristine MnBi2Te4 crystal is 
cleaved in situ at 10 K (below TN), it shows a clear ungapped Dirac cone whose Dirac 
point lies at Eb = 0.28 eV [Fig. 3(a)] [36]. In case of 6.3 eV photons, the bulk gap measures 
to be 150 meV. When we rise the temperature to 300 K [Fig. 3(b)], the Dirac point energy 
changes to Eb = 0.27 eV, yet the gapless nature of the Dirac band, as well as the size of 
the bulk gap, remains. Therefore, being in the AFM ground state or the high-temperature 
PM state do not seem to affect the integrity of the cone. To further test the robustness of 
the cone, we cleave a sample in air at room temperature before loading it into the vacuum 
chamber, and measure the band structure of the disturbed surface at 10 K [Fig. 3(c)]. 
Although the band structure becomes significantly p-doped compared with the pristine 
one, the Dirac surface state is still visible, without any sign of gap opening. The bulk gap 
also keeps its size of 150 meV. The message here is that this Dirac state is as robust as 
those in prototypical nonmagnetic TIs like Bi2Se3 [37]. Therefore, it is highly likely that 
this state is topologically protected by a symmetry of the crystal. 
Proposed gapless Dirac cone from different surface magnetic structures – Next we 
discuss the possible physical origin of the gapless (0001) surface Dirac cone in MnBi2Te4. 
For 3D magnetic-doped TIs, it is reported that the helical surface electrons can induce a 
FM order at the surface through RKKY interaction even when the bulk is not magnetically 
ordered [38-41]. In MnBi2Te4, previous neutron diffraction measurements confirmed an 
A-type AFM spin configuration with the magnetization along the c axis [22], which 
supports a massive surface Dirac cone if the bulk magnetic configuration remains at the 
surface [Fig. 4(a)]. Therefore, our results suggest that the surface-mediated spin 
configuration at the few top layers differs from that in the bulk state, hosting topology-
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protected gapless surface states which can be detected by our surface-sensitive ARPES 
technique. In the following we consider several possible magnetic states of the surface 
layers that can reconcile our observation, and calculate their corresponding total energies 
and surface states, as summarized in Fig. 4(b)-(d) and Table S1 in [35].  
The first type of the spin configuration is intralayer AFM, exemplified by the G-type 
AFM where both intralayer and interlayer alignment of magnetic moments are AFM, as 
shown in Fig. 4(b). In such a magnetic configuration there exist 𝒮𝑖 = 𝒯𝜏1/2
𝑖  symmetries 
along all the three lattice vectors i = a and c that correspond to two independent elements 
in the magnetic space group (𝒮𝑎  and 𝒮𝑏  are equivalent elements), leading to two Z2 
invariants in this system. Since the only band inversion occurs at the  point in G-type 
AFM MnBi2Te4, all the three topological invariants are nontrivial, giving rise to gapless 
Dirac cone at the (0001) surface because 𝒮𝑎 remains invariant at this surface. Similarly, 
some other magnetic configurations with in-plane AFM alignment, such as C-type AFM, 
also host gapless (0001) surface state protected by 𝒮𝑎 symmetry with in-plane fractional 
translation. Energetically, forming intralayer AFM alignment in the surface layers need 
to overcome the favored intralayer FM exchange coupling in the bulk, leading to an 
energy cost of about 8.3 meV/Mn [35]. 
In comparison, when we consider A-type AFM but with in-plane magnetic moment 
near the surface, it only needs to overcome the magnetic anisotropy energy compared 
with the magnetic ground state, i.e., 0.4 meV/Mn. We begin with a special case of in-
plane moment, i.e, perpendicular to one mirror plane Mx that is still invariant at the (0001) 
surface. In this case, MnBi2Te4 is calculated to be a 𝒮𝑐-protected AFM TI and an Mx-
protected AFM topological crystalline insulator (TCI) with nontrivial mirror Chern 
number – in other words, a dual AFM TI. This is analogous to Bi2Se3 as a nonmagnetic 
dual TI [42]. As a result, the TCI phase gives rise to a gapless Dirac cone slightly off the 
 point, as shown in Fig. 4(c). In MnBi2Te4 the shift is 0.005 Å-1 along the ky direction, 
which can hardly be resolved by ARPES measurements. We next consider the magnetic 
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moment along a general in-plane direction. The low-energy model Hamiltonian in the 
vicinity of the Γ̅ point derived by the k·p theory contains a linear-k term 𝐻1 = 𝛼1(𝑘𝑥𝜎𝑦 −
𝑘𝑦𝜎𝑥), and a cubic-k term H3 [35]. Apparently, adding a Zeeman term 𝐻𝑧 = 𝑔?⃗? ∙ 𝜎  with 
in-plane magnetic field to H1 will not lead to gap opening, while adding Hz to H = H1 + 
H3 will open a gap at the Dirac cone because the inclusion of H3 introduces a hexagonal 
warping 𝜎𝑧 term that tilts the spin out of the plane [42, 43]. However, our DFT calculation 
reveals that the size of the gap induced by this high-order effect is as small as ~ 0.3 meV, 
which is negligible within the resolution of ARPES. Hence, a general A-type AFM 
configuration with in-plane magnetic moment is also compatible with our observation. 
Since the total energies for A-type AFM with different in-plane spin orientations are 
almost the same, we suggest that the surface layers of real samples probably consist of 
magnetic domains with different in-plane FM spin moments. 
The third possibility is that the ordered spin in the bulk state show fragility at the 
surface layers, leading to a lower transition temperature and paramagnetic state with spin 
disorder. In this case the electron hopping and magnetic moment decouple with each other 
and 𝒯 symmetry restores. The total energy of such magnetic configuration lies in between 
the two cases discussed above, i.e., 5.7 meV/Mn compared with the ground state. Fig. 4(d) 
shows the gapless surface Dirac cone of nonmagnetic MnBi2Te4 as an approximation of 
the paramagnetic state, indicating a 3D 𝒯-preserved TI. A careful comparison between 
ARPES data and DFT calculation reveals the highest degree of consistency for the spin 
disorder scenario [35], which also explains the observed almost unchanged band structure 
with the temperature across the transition point of 24 K, and the robustness of the surface 
Dirac cone against severe degradation. It would be crucial to involve experimental 
detections to determine the surface magnetic structure of such intrinsic magnetic TI in the 
future. 
In summary, we demonstrate unambiguously by systematic ARPES measurements 
that a gapless surface Dirac cone exists experimentally in single crystal MnBi2Te4, hosting 
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massless Dirac quasiparticles. The Dirac cone is found to be quasi-2D and stable under 
massive surface absorbents; the bulk and surface electronic structures show no observable 
change across the bulk magnetic transition temperature. Albeit not supported by the A-
type AFM order in the crystal bulk, our DFT calculations reveal that this gapless state 
could be originated from moment re-arrangement at the sample surface. To show this, we 
list several possible types of surface ordering that yields a topological-protected gapless 
Dirac cone. Our discovery of the unexpected massless Dirac quasiparticles in an AFM TI 
indicates a space-varying magnetic structure more complex than previously assigned in 
these materials, brings about a more complete description of magnetic topological 
systems, and paves the way for the exploration of the interplay of massive and massless 
Dirac particles in a single material platform. 
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Fig. 1 Crystal characterization and magnetic responses of MnBi2Te4. (a) Crystal structure 
and A-type AFM magnetic configuration. (b) Single crystal x-ray diffraction data. Inset: 
crystal against an mm grid. (c) Magnetization curves in two different configurations, H || 
ab and H || c. The susceptibility at 60 K (0) is subtracted. (d) Field dependence of 
magnetization M, measured at different T, with field along the c axis. (e) The field-
temperature phase diagram with applied field along the c axis. (f) Deduced bulk magnetic 
structure at different B. As B increases, the system evolves from an A-type AFM state (I) 
to a spin-flop AFM state (II), then to a high-T PM state (III). 
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Fig. 2 Surface and bulk electronic structure of MnBi2Te4. (a) A typical ARPES k-E map 
along ?̅?-Γ̅-?̅? (ky), taken at 10 K under photon energy h = 6.3 eV. A linear, X-shaped, 
gapless state exists between the valence and the conduction bands. The Dirac point energy 
locates at ED = 288 meV for this sample. (b) kz dispersion map at Γ̅, taken with 6 to 20 eV 
photons. VBM: valence band maxima; CBM: conduction band minima. Periodic 
dispersion pattern on the VBM is seen clearly. The bulk  and Z points are determined 
by assigning an inner potential V0 = 9 eV, estimated from the total bandwidth of the 
valence bands. (c)-(e) k-E maps along ?̅?-Γ̅-?̅? (kx) taken at the 4, Z4 and 5 points marked 
in (b) (correspond to h = 7.5, 10.5 and 13.5 eV, respectively). It is clear that the gapless 
state forming the Dirac cone has no kz dispersion, while the VBM evolves from -0.33 eV 
() to -0.4 eV (Z), consequently changing the bulk gap from 0.13 to 0.20 eV. 
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Fig. 3 Robustness of the Dirac surface state. The figure shows ARPES raw (left) and 
second derivative (right) k-E maps taken with 6.3 eV laser light along ?̅?-Γ̅-?̅? (ky) for (a) 
a pristine sample cleaved and measured at 10 K (below TN), (b) a pristine sample cleaved 
and measured at 300 K (way above TN), and (c) a sample cleaved in air at room 
temperature, and measured at 10 K. Despite the overall carrier doping induced by different 
cleaving conditions, the gapless Dirac cone is clearly seen for all cases, along with an 
unchanged bulk band gap sized 150 meV. 
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Fig. 4 DFT-calculated surface states of MnBi2Te4 for four prototypical magnetic 
configurations, i.e., (a) A-type AFM with the magnetic moments along the z axis, (b) G-
type AFM, (c) A-type AFM with the magnetic moments along the x axis, and (d) 
disordered magnetic moments. The top drawing in each panel specifies the magnetic 
configuration and the symmetries that preserve in bulk (black) and (0001) surface (red). 
T: time reversal; 𝜏1/2
𝑖  (i = a, b, c): half-cell translation along i; M: mirror plane.  
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A. Methods 
1. Crystal growth 
The MnBi2Te4 single crystals used in this work is provided by two different groups 
using slightly different growth procedures. The growth procedure for the UCLA crystals 
is described elsewhere [S1]. Crystals from SUSTech were grown also by a flux method. 
Starting elements (Mn from Alfa Aesar, 99.98% purity; Bi from Aladdin, 99.99% purity 
and Te from Alfa Aesar, 99.9999% purity) were packed in an alumina crucible with a 
molar ratio of Mn: Bi: Te = 1:8.9:15.5. The crucibles were then sealed in a quartz ampoule 
under approximately 1/4 atmosphere of high purity argon. The whole ampoule was then 
heated for 2 days up to 950°C, held at 950°C for 12 h and slowly cooled to 580°C over 
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120 h, at which temperature the excess flux was removed by centrifugation. The excess 
flux and the single crystals should be quickly separated, because the melting temperatures 
of Bi2Te3 are very close to 580°C. The quality of the crystals was checked by single-
crystal x-ray diffraction with Cu Kα radiation at room temperature using a Rigaku Miniex 
diffractometer. 
2. ARPES measurements 
ARPES measurements were performed at Beamline 9A of Hiroshima Synchrotron 
Radiation Center (HSRC), Hiroshima, Japan with a VG Scienta R4000 electron analyzer 
with a tunable synchrotron light, as well as an offline ARPES device equipped with a 
laser light source with a photon energy of 6.3 eV and a VG Scienta R4000 electron 
analyzer, also at HSRC. For synchrotron-based ARPES measurements, we used linearly 
polarized lights of 6-30 eV. The energy and angular resolutions were set at 15-30 meV 
and 0.2°, respectively. For laser ARPES, the energy and angular resolution were better 
than 3 meV and less than 0.05°. Samples were cleaved in-situ along the (0001) crystal 
plane in an ultrahigh vacuum better than 2 × 10-11 Torr except for the one that is cleaved 
in air [Fig. 3(c)]. The Fermi level of the samples was referenced to that of a polycrystalline 
gold sample. A shiny mirror-like surface was obtained after cleaving, confirming its high 
quality. The samples are found to be stable for more than 3 days in the vacuum chamber. 
3. Transport and magnetic measurements 
Resistivity measurements were performed in a Quantum Design Physical Properties 
Measurement System (PPMS) by a standard six-probe technique, with a drive current of 
4 mA. The current flows in the ab plane and the magnetic field is perpendicular to the 
current direction. Linear electrical contacts were made by Au wires using Ag epoxy as a 
glue. Magnetic measurements were performed using a Quantum Design Magnetic 
Property Measurement System (MPMS) with the vibrating sample magnetometer (VSM) 
mode. Temperature dependent magnetization results were collected with an external 
magnetic field of 0.1 T, both along and perpendicular to the [0001] direction of the sample. 
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4. DFT calculations 
We performed density functional theory (DFT) calculations using the projector-
augmented wave (PAW) pseudopotentials [S2] with the exchange-correlation of Perdew-
Burke-Ernzerhof (PBE) form [S3] and GGA+U [S4] approach within the Dudarev 
scheme [S5] as implemented in the Vienna ab-initio Simulation Package (VASP) [S6]. 
The energy cutoff is chosen 1.5 times as large as the values recommended in relevant 
pseudopotentials. The U value is set to be 5 eV, which is tested by Ref. [S7]. The k-points-
resolved value of BZ sampling is 0.02 × 2𝜋/Å. The total energy minimization is performed 
with a tolerance of 10-6 eV. The crystal structure is fully relaxed until the atomic force on 
each atom is less than 10-2 eV Å. SOC is included self-consistently throughout the 
calculations. We constructed Wannier representations [S8, S9] by projecting the Bloch 
states from the DFT calculations of bulk materials onto the Mn-3d, Bi-6p and Te-5p 
orbitals. The band spectra of the surface states are calculated in the tight-binding models 
constructed by these Wannier representations and by the iterative Green's function 
technique as implemented in WannierTools package [S10]. 
B. Systematic ARPES data on MnBi2Te4 
In addition to the data presented in the main text (Figs. 2, 3), we performed systematic 
laser- and synchrotron-based ARPES on multiple samples of MnBi2Te4, revealing a 
complete picture of its occupied bulk and surface electronic states. In Fig. S1 we present 
kx-ky constant energy contours (CECs) measured at the Fermi level with 6.3 (laser), 8 
(synchrotron), and 20 eV (synchrotron) photons (corresponding to three different kz 
values) [Fig. S1(a)], together with the corresponding kx-E cuts along the ?̅?-Γ̅-?̅? direction 
[Fig. S1(b)]. From the CECs at EF, we notice that there are a total of three bands crossing 
the Fermi level, which is most clearly seen under 6.3 eV photons. The shape of the 
outmost band changes quite dramatically, from the circular shape under 6.3 eV laser light 
to a 6-petal-flower shape under 20 eV synchrotron light, signifying its bulk nature. 
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Comparing with the k-E maps (especially the one with 6.3 eV photons), we realize that 
this band links smoothly to the Dirac cone surface state we emphasized throughout the 
paper. The fact that this band shows significant kz dispersion indicates that it hybridizes 
substantially with the bulk conduction band. The central circular band with medium 
radius at the 6.3 eV CEC, on the other hand, keeps its parabolic shape at all photon 
energies, comprising the upper of the two bands that form the bulk energy gap. In the 
main text we learned that this upper band shows little kz dispersion compared with the 
lower band of the gap, who exhibits a band width in the kz-E map of as much as 70 meV 
with a period of 2/c (c = 1.37 nm is the height of one septuple layer). The inner dark spot 
at Γ̅ is seen only when the photon energy is less than 9 eV. It comes from the inner upturns 
of a Rashba-like split band that seemingly connects with the middle band. Be this an 
actual Rashba band, its Rashba factor would be quite large compared with those in known 
topological materials. Since this band appears only at low photon energies that covered 
less than a half of the Brillouin zone, its kz dispersive pattern is not shown by enough data 
points. Therefore, it is not sure whether it comes from the crystal bulk. 
It is also informative to study the corresponding kx-E cuts along ?̅?-Γ̅-?̅? [Fig. S1(b)]. 
First we examine our data taken at h = 20 eV, similar to the energy of the He-I line. It is 
clear in the ARPES data that a parabolic and an anti-parabolic bands come close to each 
other at the surface zone center Γ̅, but leav a sizable energy gap of about 150 meV at Γ̅. 
This data is consistent with ARPES data found in the literature where it is interpreted as 
“the magnetic gap of MnBi2Te4” [S11-S15]. However, when the photon energy is lowered 
to 8 eV, a sharp, linear band very close to the gapped one appears, consistent with our 
data in Fig. 2 of the main text. At h = 6.3 eV, this gapless Dirac state is seen to coexist 
with the parabolic bulk state.  
From the dataset in Fig. S1, it is conclusive that there exist a gapless, Dirac-like 
electronic state in MnBi2Te4, together with the gapped, parabolic state which is proved to 
be of bulk nature [Fig. 2(b) in the main text]. Fig. S1(c) presents the ARPES valence 
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bands in a 3D fashion. An important note from Fig. S1(c) is that the Dirac-like band really 
forms a 2D cone shape tipping at the Dirac point. No additional spectral weight is seen 
except for the cone. This observation actually rules out the possibility that we observe a 
gapless edge state which is proposed to appear in AFM TIs, since an edge state is one 
dimensional and must not be dispersive along one of the in-plane directions [S16]. 
C. EDC and MDC Analysis for the gapless Dirac state 
To further study the gapless Dirac cone in MnBi2Te4, we examine the energy 
distribution curves (EDCs) and momentum distribution curves (MDCs) of the data 
presented in Fig. 2(a) in the main text [duplicated here in Fig. S2(a)], which is measured 
at 10 K on a freshly cleaved crystal. Fig. S2(b) shows the zoomed-in k-E map close to the 
Dirac point. From the high intensity at the crossing point of the two linear bands, one 
could easily conclude a vanishing gap at the Dirac energy. Closer look at the Dirac point 
reveals a ~10 meV region (-0.295 eV < E – EF < -0.285 eV) where the dispersion seems 
to be perpendicular to the k axis. The existence of this region is further proven by 
analyzing the EDC at Γ̅ [Figs. S2(c)-(d)], where the ARPES intensity at the Dirac point 
can be best fitted by two peaks instead of one, marking the upper and the lower boundary 
of this region [black arrows in the inset of Fig. S2(d)]. We notice that such behavior has 
been observed in the topological insulator heterostructure of bilayer-Bi – Bi2Te3 [S17], 
where the “infinite velocity” is interpreted via the hybridization of the two sets of Dirac 
cones in bilayer Bi and Bi2Te3. Although further theoretical and experimental researches 
are required to fully understand this phenomena in single crystaline MnBi2Te4, we would 
like to emphasize here that the presence of the skewed Dirac cone further strengthens our 
claim that the energy gap at the Dirac band is zero. The two peaks in the EDC are not 
related to a finite gap. No gap can be seen within our energy resolution of ~3 meV. 
In Fig. S2(e)-(f) we study the MDC stack of Fig. S2(a). The MDCs at EF, ED (Dirac 
energy) and a binding energy slightly above ED are marked with different colors, the last 
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of which is chosen to examine the momentum broadening of the Dirac bands. The 
extremely high angular resolution of the -focused Laser allows us to make use of a 
standard Lorentzian peak-fitting procedure, we found that the Dirac bands in MnBi2Te4 
form one of the sharpest electronic states ever observed in topological materials, with a 
full-width half-maximum (FWHM) of ~0.01 Å-1. This also indicates that, like the 
prototypical TIs, the quasiparticles in the Dirac bands are strongly itinerant, possibly 
contributing to the nonlocal topological transport in the material. 
D. Quasi-two-dimensionality of the Dirac state 
In order to prove the surface nature of the Dirac cone, we performed detailed ARPES 
kz dispersion measurements using incident photons from 6 to 20 eV, covering more than 
two Brillouin zones in the kz direction [see also Fig. 2(b) in the main text]. Fig. S3(a) 
shows the raw k-E maps we obtained with 7 to 14 eV photons along ?̅? - Γ̅ - ?̅? , 
corresponding to 3.8 < kz < 5.2 in unit of 2/c (other data not shown). All these maps are 
zoomed in to a small k-E region close to the Dirac point. The gapless Dirac state is present 
for all ARPES maps presented, showing the reliability and repeatability of its existence. 
By fitting the MDCs in each panel with one or two Lorentzian, we extracted the dispersion 
relation close to the Dirac point. It is clear from Figs. S3(b)-(c) that all the X-shaped linear 
dispersing bands seem to share the same slope, crossing at essentially the same binding 
energy (ED = -269 meV). The group velocities of the Dirac quasiparticles are estimated 
to be 3 eV·Å or 4.5 × 105 m/s for all photon energies. This set of data thus proves 
undoubtedly that the gapless Dirac cone is a quasi-2D, surface-derived electronic state. 
E. 𝒌 ∙ 𝒑 Model Hamiltonian for the surface states 
The model Hamiltonian for a single surface of MnBi2Te4 with different magnetic 
configurations can be written as 𝐻 = 𝐻1 + 𝐻3 + 𝐻
𝑚𝑎𝑔 . The first term 𝐻1 is the well-
known surface Rashba term  
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𝐻1 = 𝛼1(𝑘𝑥𝜎𝑦 − 𝑘𝑦𝜎𝑥),      (S1) 
where 𝜎  is the Pauli matrix for spin degree of freedom. 𝐻3 is the cubic-𝑘 term written as   
𝐻3 = 𝛼2[(𝑘𝑥
2 + 𝑘𝑦
2)𝑘𝑥𝜎𝑦 − (𝑘𝑦
2 + 𝑘𝑥
2)𝑘𝑦𝜎𝑥] + 𝛼3(𝑘𝑥
2 − 3𝑘𝑦
2)𝑘𝑥𝜎𝑧,  (S2) 
which is derived from the 𝑘 ∙ 𝑝 perturbation by considering all the possible k-polynomial 
terms that respect the crystal symmetry. 𝐻𝑚𝑎𝑔 = 𝑔𝜎 ⋅ ?⃗?  is the Zeeman term that 
represents the intrinsic magnetic moments in our case. Without 𝐻3, the gapless surface 
Dirac cone persists if we set magnetic moments along any directions within the kx-ky plane 
because there are only off-diagonal terms in the 2 × 2 Hamiltonian. On the other hand, 
MnBi2Te4 has a gapped Dirac cone at the (0001) surface when we set magnetic moments 
along a general direction within the kx-ky plane (not perpendicular to the three mirror 
planes leading to (𝑘𝑥
2 − 3𝑘𝑦
2)𝑘𝑥 = 0). This is because the diagonal 𝜎𝑧 component in 𝐻3 
comes into play, leading to the gap opening. 
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Table S1  This table summarized properties of different magnetic phases. The first column 
lists all the magnetic configurations that we considered in our work. The second column 
contains calculated total energy of different magnetic configurations with respect to the 
magnetic structure of ground state, i.e. A-type AFM (z) configuration. The third column 
lists energy gap size of surface states computed for different magnetic phases. 
Phase 
Energy 
(meV/Mn) 
Surface Eg 
(meV) 
A-type AFM (z) 0.00 62 
A-type AFM (x) 0.41 0 
A-type AFM (y) 0.41 0.3 
G-type AFM 8.34 0 
C-type AFM 8.38 0 
PM 5.73 0 
NM 4.12×103 0 
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Fig. S1 Overall ARPES electronic structure MnBi2Te4. (a) Constant energy contours at 
EF, (b) corresponding k-E cuts along ?̅?-Γ̅-?̅? , measured with three different photon 
energies, respectively. Note that the sample we used in the laser ARPES experiment (h 
= 6.3 eV) has different carrier concentration than the one used in the synchrotron-based 
ARPES experiment (h = 8 and 20 eV), so the biding energy of the Dirac point is slightly 
different between the two. (c) kx-ky-E three-dimensional presentation of the bands at h = 
8 and 20 eV. 
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Fig. S2 Data analysis for the ARPES map in Fig. 2(a) (main text). (a) Raw ARPES map 
[duplicated from Fig. 2(a) in the main text]. (b) Zoomed-in ARPES maps. Left: raw data. 
Right: Raw data with guides to the eye, showing the linear dispersion and the Dirac point 
many body interaction region (marked by two black arrows) where the “band” appears to 
be vertical. (c) Stacks of energy distribution curves (EDCs) for data in (a). (d) Analysis 
of the EDC at Γ̅. Inset: zoomed-in EDC close to the Dirac point. The two-peak feature 
correlates with the Dirac point region showing many body physics. (e) Stacks of 
momentum distribution curves (MDCs) for data in (a). Representative curves at EF, ED 
and one slightly above ED is highlighted by different colors. (f) Peak-fitting analysis for 
the pink curve in (e). Double Lorenzian fitting gives the full-width half-maximum 
(FWHM) of the two peaks, revealing the high k resolution of our data, and the high quality 
of our samples. 
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Fig. S3 Quasi-two-dimensionality of the gapless Dirac state. (a) Zoomed-in kx-E maps at 
Γ̅, for incident photon energies (marked in each panel) ranging from 7 to 14 eV, covering 
more than one complete Brillouin zone. (b) Fitted dispersion pattern for the Dirac bands 
at each photon energy (kz). These curves essentially coincide, signaling the 2D (surface) 
nature of the Dirac state. (c) Curve of binding energy of the Dirac cone (Dirac energy, ED) 
versus incident photon energy (kz). Error bars are smaller than the size of the symbols. ED 
is essentially constant for an entire Brillouin zone, proving again the quasi-2D nature of 
the cone. 
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Fig. S4 Comparison between experimental observed surface states (a), and computed 
surface states for nonmagnetic phase (b), along the path of K̅-Γ̅-K̅. Apart from the surface 
Dirac cone, a Rashba type conduction band exists in both cases. The bulk states of the 
two cases also appear to possess similar form. 
 
